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ABSTRACT

Research in paired-associate overlearning sought
means of decreasing the variability while maintaining the magnitude
of the decrement in stimulus-response latency (SRL). SRL was divided
into decisiop latency (DL) and manual response latency (MRL); it was
hypothesized that self-pacing of inter-item intervals would reduce V.
Group I received stimuli. at fixed intervals after each response group
II controlled the intervals. Practice continued for 16 trials after
the trial of last error (TLE). Self-pacing reduced the variability of
SRL, but also reduced the post-TLZ decrement by teaching fast
responses in practice. The task was altered to increase pre-TLE for
group III. Pre-TLE SRL of group III equaled that of group I, but post
TLE did not. 3elf-paciug rlightly reduced the variability of SRL, but
DL was no less variable thon SRL, and post-TLE decrement in DL was
less than in SRL. It was concluded that: 1) it was unnecessary to
shape fast responses durinyg practice; 2) self-pacing decreas=2d the
variability of SRL; 3) the attempt to reduce variability by ueasuring
DL was unsuccessful; and 4) thne process underlying post-TLE SRL
decrease influenced both DL and SRL. (PB)
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Previous research (Judd and Glaser, 1963) investigated res;onse
Iatency during acquisition and overlearning of a paired-associate %ask as
a function of training mgthad {a comparison of the anticipation and stud&-
test paradigms} and of information iransmission requirvements (eight stimuli
mapped ente two, four, ar eight-res;ense alternatives). Response latency
during overlearning was found o be sensitive to the effects of the experi-
mentel variables, to intra-subject differences in ftem difficulty, and to
inter-subject differences in Tearning rate. Tha data were also consistent
wi th previous research reported in the literature (Kihtsch, 1965; Sunpes,
Groen, and Schlag-Key, 1986) in that latency demonstrated a sharp decrement
during'overlearniné. These results suggested that ihg observed decrement
might be indicative of a continued increase in associative strength during
overlearning and micht, thus;_be useful as a predictor of subseguent
retentinn._'Such a relationship, if it were reliable, would be of interest
as a basis for instructional decisions in'computér—assisted instruction.
The ancuracy o%vsuch prediction would be Timited, howaver, by tha extreme

variability of latency mezasures which had been observed. Therafore, an

s
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attemnt was made to determine task cunditions which would decrease varighility
witiie maintaining <he obcarved dacromant,

It wag hypothasiiod that variability would be reduced if the subjec:
ware allowed 1o pace the task himself hy determining the length of the inter-
jtem interval. I% was anticipated that under these conditions, tne subject,
whan distracted or reflecting on his previous respense, would proiong the
inter-item interval rather than pausing after the stimulus was presented
The task which we were usirg vequired a motor response and it was further
hypothesized tha’ if the subject were given appreprizte instructions andg
preliminary trainiag, the total S-R latency could be divicded into two com-
ponents: a deCision period, duriny which the subject determined which response
ne vas going to make; ard a manuai cezuanse period in which he actuaily com-
nleted his respense. It was anticipated that the manual responce period

would not changa systamatically ¢ver *rials but would account for a larg

[$3]

portien of the variakility in the 5-R tatency. The decision neriod would
thus reflzct systematic changes ir Jatency but would be less variable on an
jtem-to-item basis.

fue to the exploratory nature of the study, the different subject
groups iavoived were run sequentialily rather than being randomly assigned
to differant treatments.

Two groups {dcsignated PALL I and PALL II), each consisting of 15
college-age subjects, were trained Dy a study test paradigm on a task recguir-

ng the association of eighi CVC trigrams with eight response keys. Subjects

were run on a computer-cortroilad console designed for paired-associate

Tearning experimentation, Stimuli were presented on a cathode ray tube (CRT)
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display and subjects responded by pressing one of eight nushbuttons mounted
irn a semicircular avc on the response panel. Pilot lamps mountcd nest to
each response Key indicated the S-F pairings during study triais. Subjccts
were instructed to respond with only their index finger and to keep this
finger in a "home position™ in the center of the pushbutton arc Letween
responses. For PALL I, the home position was marked with a white circle.

For PALL 11, 2z ninth pushouton was mounted in the home position which allowed
the subject to control the rate of presentation during test trials,

During study trials, S-R pairs were presented by displaying the
CVC and iitluminating the appropriate pilot lamp for a period of thrée SECGNCS.
During testtirials, sfimuii were presented one at a time and remained cn the
© CRT until the subjest vresponded. For PALL I, each item, bag¢inning witn tre
sacond, was presented 1.5 seconds after the subject's response ic the
previcus item. As an attempt to prevent rehearsal during test triais znd to
 shape fast respording, subjects were instructed that if thay did rot respond
within three seconds of the stimulus presentation, the stimulus would be
erased and that item counted as incorrvect. Tnis limit was actually enforced
only during an immediately preceding warm-up task and no time limit was
imposed during thz experimental task itself. Subjects were no: informed of
this change n procedurs.

Fer PALL IT, a fest stimulus was presented when the subject pressad
the home key., Subjects were instructed to keep the home key depressed until
they selected 2 response key and to then press the selected key immediately.
They were told that if they did release the home key within two and one-nalf

seconds or did not then prass a response key within one second, the stimulus



would be erased and the Item counted as ircorrect. Again, thess time Timits
were enforced only during the warm-up task.

PALL YT subjzcts were thus able to determine the durazicn cf the
inter-itam interval whereas thic interval was fixed for PALL I sublects.
Since the PALL (1 subiecis vere instructed to kéep the home Key diépressed
urtil they selected 2 response, it wes possible to measure their latency of
response anset, g Decision latensy.

For both groups, practice continued until each of the cignt items
reached 3 oritericn of si successive errorless trials. The last incorrect
response praceding the six ervortess trials was designeted the Triz) of
Last Errcr [TLE} for that ftem. Practice was terminated ten trials after the

Tast item vraached criterion. This assured that each item nad at least 18

<
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trials fo??owing its TLE, These 10 frials were treated as overlearning and

~or:ly the date from these trials will ha considerad. In the table and
figures in the handout, all of the vespsnsa protocels have been aligned on
the bagis oF sach item's TLE.

Results-«PALL T and PALL IT

As shown gy the comparison oF the S-R standard deviatioas for
PALL T and PALL II in Table 1, seif-pacing did reduce the varighility of tne
S-R respense during overlearning. Whereas the standard deviaticn for PALL I,
averaged over 186 subjects and 16 trials, was 1544 msec., the -comparatle
vatue fo. PALL 11 was only 678 msec. When the standard deviations of
individual trials are compared, PALL II is found to have less variabla data
on 12 of the 16 pos:t-TLE trials.

That these resulls are not as satisfactory as they first ansear is

indicated by Figure 1. In addition tu reducing veriabilitv, the self-pacing
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procedure alsd affectively eliminated the post-TLE decrement which was of
basic interest, 7This basence of decrement was due primarily to the presance
of vevy fast responses during acquisition, as reflected by the lewer pre-TLE
5-R nean for PALL 15, Tt appears that the two opportunities for aversive
feedback during the warm-un tesk {counting the item as incorrect i7 the home
- key wag held down too long or if the response key was not pressed scon
encugn) weve oo effective in shaping fast responses. Decision latency
demonstrated ever lass of 2 decrement than did S-R Tatencyr. Centrary to
expectation; tha subjects' manual vesponses became faster as overWeafnﬁng
d#i11 proceeded,

PALL III Methed and Results

in viewof these rasults, zn attempt was made to alter the task
conditions sc as to increase the latercy of the pre-TLE $-R resvonszs, and
shorten thz latency of tha manual risponses throughout the task, while
maintaining the veduced variability demonstrated by PALL 1I. Consequently,
a third group of 16 subjects (designated PALL ITI{ ware run on a sligntly
modified task in which only the instructions and the conditions of the
warm-up 118t were altered from the procedures usaed for PALL II. No time
Timit was placed on Decision latency while the time allowad for the manual
response was shortened to 0.73 second, Instr&ctions”were‘modified to
reflect these changes,

As shown in Figure 2. these modifications resulted in a mean
pre-TLE S-R latency which was nearly as great as that of PALL I bu% the
post-TLE decresment was still not as great as that observed for PALL 1. As
shown in Table 1, self-pacing did veduce the variability of the S-R measure

but on y slightiy--the average standard deviaticn being 1222 msec. as



cpposed to 1584 msec. for PALL I, Comparison of the PALL I end PALL III
standzrd deviatione for individual trials indicates that the seneficial
effects of seif-pacing were conceétrated in the éar]ier post«fLE trieis.
Self-pacing was apparently actually detrimental during the last fgw triais.

Decision latency was fﬁppd to track S-R latency very closely and,
consequently, was no less variab1;\;han the 5-R mezsure, The post-TLE
decrement in Oecision latency was agéin less than the S-R decrement, AS was
the case for PALL 1L, the #anual rasponses became faster as a funciion cf
practics.

Cocclusions

ine attempt o shape fast reﬁpcndihg'by placing a time Timit on
the completed rasponse during the w.rm-dp list appears to be unnecessary
and was detrimental in the FLL 1T task. The mean pre-TLE lateacy for
PALL IfI, in which only the manual vesponse had a_time Timit, was still
léss than that of PALL I. |
The self-pacing procedure appears to have some merit for decreasing

variabiljty although not nearly as much as had been anticipated. ft is ¢f
interest that se f-pacing had almore_benéficiél effect for the PALL III
grcﬁﬁ'in the eariier post-TLE trials, There are relatively few experimantal
or instructional situations which would require 16 trials of overlearning.

| The attempt to reduce variabilitﬁ by measuring Decision latency
was not successful. . For both PALL II and PALL III, the post-TLE Decisién
latency decrement wa£\§mal1er than thg S-R 1aténcy decrement. In both casas,
subjects increased thégﬁpeed of their manual responses during overiearning
and this accounted for some of the decrément observed in the S-R measure.
This tendency was less ﬁrdnéunced for PALL III, but in this case Dacision

|

latency so <losely trackéd $~R latency that both measures were equally

)
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The process underlying the post-TLE letency decrenent apoess 0o
influence both the latency of the subject's uecwsxon as te unich ressonse to
make and the speed of the manual response. It is of som2 interest o
speculate as to what this may imply. If response latency is a meesurce of
the time required for some type oF retrieval process, one w1t exoect &
reduction in Decision latency as a function of overlearning practice.
However, 1f one assumas that the subjects followed directicns and ¢id not
releasa tha home key until thav selented a respense key, it is diffizuit *o
explain the observed reduction inmanval responsa latency on tre besis of a
faster veirieval time.

If resporse latency, on the other hand, is at least partiaily a
function of the sutject's contfidercs in the correctness of his respornse, ine
increzsed spaed of the manual response would appear to be mdre easily
expiainea. It is suggesied that once a response is selected, the subject
is siowar to commit himself to that response i7 he has relatively 1ittle
confidence that it is correct. As overlearning proceeds and the subject
receivas acditional confirmation, his increased confidence could rasult in
the observed decrement in manual response latency as well as in decision
latency. This is admittedly a non-parsimonious explanation but it dses
receive some sugport frem the area of short-term memory. Murdock (1588,

1668) found high negative correlations between response latencies and
subjects' ratings of thejr confidence in their responses.

Techniques may be found to reduce the variability of latency
measures without destroying the information which they are assumed to contain

but the authors doubt ihat any dras.ic reductions are probable. In
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subsequent work concerning the relationship of response latency to retention,
the'authors have used a self-paced procedurs which did not attempt to snape
fast responding or to measure Decizion Tatency. On the basis of the
preliminary analysic of the data resulting fram this rasearch, measures of
latency averaged over severax trials appear to nave some predictive validity.
The utility of the latency measures is further enhanced when they are
employed in conjunction with correct response probability measures.
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Table 1
Standard Deviations of Respense Latencies Obtained under
Three Different Experimental Procedures

(Values shown are means of the 16 Subjects in each grous)

PALL I PALL II PALL III -
]
S-R S-R  DECISION! S-R  DECISION
!

Trial TLE+] 3178 771 606 1428 1050
TLE+2 1187 501 494 18¢2 1563
TLE+3 2959 £89 545 1938 2002
TLE+4 2286 651 431 1351 1335
TLE+5 1257 541 484 789 772
TLE+6 842 1187 1072 777 775
TLE+7 1119 841 &09 11862 1028
TLE+S g2 596 465 1619 1621
TLE+9 1345 498 383 868 852
TLE+10 704 936 379 1064 103
TLE+11 652 462 427 677 587
TLZ+12 753 517 437 396 500
TLE+13 838 482 388 845 {49
TLE+14 507 543 381 832 £26
TLE+15 465 ° 547 531 1179 1133
TLE+16 1027 477 397 . 966 969

Post-TLE Average 1544 678 534 1229 1248
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